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A  UV-PREIONIZED  KrP  EXCIKER  LASER  WITH  AK 
OUTPUT  ENERGY  OF  0.^2  J 

Yuan  Callai  Shangguan  Cheng  Ye  Chao  Dou  Aii-ong  '  Lin  Vlngyl 

(Shanghai  Institute  of  Optics  and  Fine  ".echanlcs»  Acadenia  Sinica) 

Abstract:  Experlnental  studies  on  the  high  power  and  high 
efficiency  UV-prelonlzed  KrF  a.  =2*<8nni)  exclner  laser  are  reported. 

The  maximum  output  energy  per  pulse  is  over  ,iJ20  mj .  Characteristics 
of  lasing  and  fluorescence  spectrum  for  KrF  are  studied.  The  effect 
of  additive  Ne  gas  in  the  mixture  on  lasing  energy  is  ex£unlned. 

The  KrF  laser  Is  the  most  representative  among  inert  gas  halide 
excimer  lasers.  It  has  already  been  reported  in  the  literature  that 
the  output  of  nearly  ^»00  mlllljoules  was  obtained  by  using  the  ultra¬ 
violet  pre-lonized  fast  discharge  exitation  method. [1,2]  The  actual 
maximum  output  has  reached  1  Joule.  We  have  constructed  a  UV- 
preionized  apparatus  and  obtained  a  maximum  Kr?  pulsed  output  in 
excess  of  420  mlllljoules.  The  laser  has  been  in  operation  for 
over  a  year,  proving  its  function  to  be  stable  and  reliable. 

1.  Experimental  Set-up 

* 

The  experimental  set-up  and  principle  are  similar  to  those  in 
reference  [3]>  The  apparatus  is  constructed  of  glass  epoxy  with  an 
internal  diameter  of  84mm  and  length  Q40mm.  The  electrodes  are  made 
of  brass  in  the  Zhang  uniform  field  configuration.  The  effective 
region  of  discharge  is  80x2.1x0.5cm^.  The  pre-ionization  spark 
gap  plates  are  placed  symmetrically  in  a  upright  direction  at  a 
distance  of  3«8  cm  from  the  principle  discharge  electrode.  Each 
spark  gap  consists  of  29  gaps,  uach  of  which  is  made  of  a  nickel 
plate  of  length  27mm,  width  5mm  and  thickness  0.1mm.  The  separation 
between  the  gaps  is  1mm.  The  preionization  capacitance  is  0.047  lifd. 
The  LC  inverted  circuit  is  used  with  C^*12  mvfd,  Cz*25  mufd.  The  two 
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low  induQtanoe  co-axlal  spherical  gaps  are  filled  with  N2  gc’.s  at  high 
pressure.  The  delay  tine  for  trigger  pulse  is  1  usee. 


The  distance  between  the  two  reflecting  r.irros  is  1G6  cm.  The 
resonance  cavity  is  formed  by  a  totally  reflecting  dielectric  film 
mirror  of  radius  of  curvature  5^  and  a  flat  output  plate.  The 
output  plate  is  made  of  2  optically  cemented  quartz  plates.  A  WFl-lCO 
1  meter  grating  spectrograph  is  used  to  photograph  t.he  lasing  spectrum 
and  fluorescence  spectru.m. 

2.  Results  and  Discussions 

We  have  studied  in  detail  the  relational  curves  between  the 
laser  output  energy  and  the  mixing  ratio  of  the  gaseous  mixture,  the 
total  pressure,  the  main  discharge  potential,  the  delay  time  and  the 
buffer  gas.  We  have  also  studied  the  characteristics  of  the  lasing 
and  fluorescence  spectra.  Figure  1  shows  the  relationship  between 
the  laser  output  energy  and  the  Kr  gas  content.  It  can  be  seen  from 
the  graph  that  for  fixed  F2  content  at  the  Kr  content  Is  best 

at  lO-lSU.  Increasing  the  Kr  content  further  will  reduce  the  output. 
This  may  be  explained  from  the  formation  of  KrF  exclmer  and  quenching 
dynamics.  There  are  two  main  ways  to  form  KrF  exclmers.  One  Is  the 
*Harpoolng'  reaction: 


K«+F2  KrF»-»-F 


(1) 


Kr  can  easily  transfer  the  extra  electrons  to  F2  to  form  an  Ionic 
bond.  The  rate  Is  of  the  order  10”^*^"*^ /sec.  The  other  way  Is  3  body 
collision  recombination 


(3) 


F"<Kr'^+M  -►  KrP»+M 

where  X  is  the  buffer  gas.  It  naybe  He,  Me,  Ar,  etc.  The 
reaction  rate  is  also  about  10  ^cn-^sec  (4).  Frcn  (3)  it  can 
be  seen  that  when  the  Kr  content  increases,  the  growth  of  KrF  will 
also  Increase.  The  principle  quenching  mechanism  of  KrF  is 


KrF*+F2 

Kr+3F 

(^) 

KrF«+Kr+M  - 

KTjP^+M 

(5) 

SL  ErMV«tB<*l 


Figure  1.  Relation  between  output  power  and  various  Kr  'contents. 
Key:  1 — output  energy  (mlllljoule);  2 — percent  content  of  Kr  (S). 
F2:0.<I](,  total  pressure:  1  atmosphere 
Main  discharge  potential:  17  Kv 
He  Is  the  eas 

Prelonlzatlon  potential:  l8  Kv. 


Prom  (5),-  it  may  be  seen  that  too  much  Kr  gas  content,  the  3  body 
collision  quenching  rate  will  increase.  By  conblning  (3)  and  (5), 
it  nay  be  seen  that  a  best  Kr  content  exists.  Sinllarly  from  (1), 

(2)  and  (^4),  it  nay  also  be  seen  that  a  best  F2  content  also  exists. 
When  the  total  pressure  is  at  3  atmosphere,  the  main  discharge  poten¬ 
tial  at  50  kilovolts,  Kr  content  at  135,  He  content  at  515,  ’.'e  content 
at  35.655,  the  best  F2  content  is  at  0.355.  Figure  2  and  Figure  3 
show  the  relationship  between  laser  output  energy  and  total  gas 
pressure.  Under  the  experimental  conditions  as  Indicated  in  the 
diagrams,  it  can  be  seen  in  Figure  2  that  when  the  main  discharge 
potential  is  U2.5-  ^7  Kv,  the  laser  output  energy  Increases  with  the 
total  gas  pressure.  When  the  main  discharge  potential  is  32Kv,  the 
output  increases  linearly  with  the  total  gas  pressure.  However., 
from  1.6  atmospheres  on,  saturation  is  gradually  approached  and  the 
peak  value  reached,  and  the  output  then  decreases  with  the  rising 

pressure.  From  Figure  3,  we  can  find  (E/P *  10  yolt/ _ ........ 

*  optimal  cm.  torr. 

Hence,  in  our  apparatus,  it  may  still  be  possible  to  increase  the 
laser  output  energy  by  further  increasing  the  total  gas  pressure 
under  the  current  main  discharge  potential  value  of  50  Kv.  Flgui  e  ^ 
shows  the  relationship  between  output  laser  energy  and  main  discharge 
potential  at  various  total  gas  pressures.  When  the  fixed  prelonlzlng 
potential  is  20  Kv  and  F»:Kr:Hc  •0.2jt :  13^:87 It  may  be  seen  in  the 
diagram  that  the  laser  energy  increases  almost  linearly  with  the  main 
discharge  potential.  After  the  potential  reaches  U5  Kv,  the  rise 
gradually  diminishes  and  this  increase  begins  to  flatten  with  the 
decrease  of  the  total  gas  pressure. 

Figure  5  shows  the  relationship  of  the  output  lasing  energy  and 
the  time  delay  between  the  main  discharge  potential  and  prelonizlng 
potential.  From  the  diagram,  one  can  see  that  the  delay  time  between 
the  main  discharge  and  prelonlzation  Is  1  microsecond,  the  laser  output 
obtained  Is  the  largest.  With  the  increase  of  the  delay  time,  the 
output  decreases  nearly  linearly. 

The  effect  of  the  buffer  gas  in  the  exclmer  laser  Is  Important. 

In  reference  [51,  the  replacement  of  He  by  Ne  doubles  the  laser  energy. 
In  reference  [6],  the  Introduction  In  the  gas  mixture  of  105  Ar  and  15 
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Figure  2.  Relationship  between  output  energy  and  total  gas 
pressure. 

Key:  1 — output  energy  (mlllijoule);  2— total  gas  pressure 
(atmosphere). 

P2«0.2](;  Kr:13?j  He  Is  the  gas;  prelonlzlng  potential:  20  Kv. 


Figure  3.  Variational  relationship  between  output  laser  energy 
and  total  gas  pressure. 

Key;  1 — output  energy  (mlllijoule);  2 — total  gas  pressure 
(atmosphere) . 

Main  discharge  potential:  32  Kv. 

Prelonlzlng  potential:  20  Kv. 


i.~s 


a 
tt 
I  * 

I  « 


/^2CA.\tt  ^ 


,2  i>l  A. 'll 


^  ii*'  ~3i  «i  ^  ttii 


Figure  Relationship  between  output  energy  and  nain  discharge 
potential  at  various  total  gas  pressure  k,:o.2‘7;  Kt.uv;;  u»  is  the 
buffer  gas- 
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Figure  5.  Relation  curve  between  output  energy  and  delay  time. 
Key:  1— output  energy  (millijoule);  2 — delay  time  (microsec). 
Main  dlscharse  potential:  30  Kv. 

Total  gas  pressure  2.5  atmosphere. 
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Figure  6.  Relation  between  output  energy  and  Ne  content. 

Key:  lo-emrgy  (arbitrary  unit);  2 — Ne  content  (%);  3 —  19Kv 
Total  pxwssure:  3  atmospheres. 


Ne  raises  the  output  energy  by  20?.  We  Investigated  the  effect  of 
addlnj;  he  and  he  of  various  proportions  In  the  gaseous  mixture  on  the 
laser  output.  The  results  are  shown  in  Figure  6.  From  Figure  6,  it 
can  be  seen  that  by  adding  502  Ne  to  the  gaseous  mxlture,  the  laser 
output  energy  nay  be  Increased  by  about  iJOS,  We  used  a' gas  mixture 
of  0.35%F,  lS.39«Kr  33fiSe  and  61.35?jHe  ,  a  total  gas  pressure  of 
3  atmosphere,  main  discharge  potential  51.5  Kv,  pre-lonizing  potential 
21  Kv  and  obtained  a  maximum  pulsed  output  energy  of  ^2^4  millijoule. 

The  efficiency  /•j(C4,+0,)r»)  is  about  1?.  Energy  density  is 

5  Joules/litre.  In  the  experiment,  the  total  reflecting  dielectric 
film  and  aluminum  film  reflectors  are  found  to  have  apparent  laser 
deunage.  The  damage  on  the  dielectric  film  is  less  than  that  on  the 
aluminum  film.  This  may  possibly  be  due  to  the  absorption  of  UV 
wave  length  by  the  film. 

We  photographed  the  KrF*  fluorescence  spectrum  and  lasing  spectrum 

with  a  WPG-100  one  meter  grating  spectrograph,  as  shown  in  Figure  7. 

Prom  the  diagram,  we  may  see  that  the  width  of  the  fluorescence 
o  o 

spectrum  is  32  A  ,  and  the  lasing  line  width  7  A. 

In  the  neighborhood  of  2MS  millimicron,  there  is  an  absorption  /7 
peak  in  both  t;he  fluorescence  and  the  lasing  spectrum.  The  central 
wavelength  of  the  laser  line  is  2^8  millimicron.  This  is  KrF*  (B-^X) 
transition.  We  have  also  observed  a  fluorescence  spectrum  near 
222  millimicron.  This  is  KrF*  (D-»X)  transition.  The  central  wave¬ 
length  of  the  transition  is  221,5  millimicron,  and  the  fluorescence 

O 

width  is  20  A,  somewhat  different  from  the  KrF*  (D-^X)  transition 
wavelength  of  220  millimicron  as  reported  in  reference  [7]. 


Figure  7.  Fluorescence  and  lasing  spectra  of  KrF. 

Fluorescence  spectrum  —  total  pressure:  1.5  atmosphere;  main 
discharge;  potential:  l6Kv,  Slit:  O.Smm;  100  exposures. 

Lasing  spectrum  —  total  pressure:  2  atmospheres;  main  discharge 
potential:  35Kv;  Slit:  5  micron;  1  exposure. 
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